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Abstract
Background: Prevalence of placental malaria has been widely used as a standard indicator to characterize malaria
infection in epidemiologic surveys. Placental malaria poses a greater diagnostic challenge, accurate and sensitive
diagnostic tool for malaria infections in pregnancy is needed.
Methods: A cross sectional study was conducted at Medani Hospital, which serves catchment area which is
characterized by unstable malaria transmission. One hundred and seven placentae were investigated for malaria
infection using polymerase chain reaction (PCR) and histology.
Results: out of 107 investigated placentae, 33 (30.8%) and 34 (31.8%) were positive for malaria by histology (two
(2%) and 31(29.0%) were acute and past infections, respectively) and PCR, respectively. Out of 33 positive by
histology, 15 were positive by the PCR while 18 were negative. The sensitivity of the PCR was 45.5% (95% CI:
29.2%- 62.5%). Out of 74 which were negative by histology, 19 were positive by the PCR. This is translated in
specificity of 74.3% (95% CI: 63.5%- 83.3%). Of those tested positive by the PCR, 15 were positive by the histology,
while 19 were negative. This is translated into a positive predictive value of 44.1% (95% CI: 28.3%- 61.0%). Of those
73 tested negative by the PCR, 55 were negative according to histology while 23 were positive. This is translated
into a negative predictive value of 75.3% (95% CI: 64.5%-84.2%).
Conclusion: PCR had low sensitivity and specificity in comparison to placental histology, perhaps because the vast
majority of the placental infections were past infections. Further research is needed.
Introduction
Malaria during pregnancy is a major public health pro-
blem in tropical and subtropical regions of the world
[1]. It has been estimated that, of 85.3 million pregnan-
cies in areas with Plasmodium falciparum transmission,
54.7 million occurred in areas with stable transmission
and 30.6 million in areas with unstable transmission [2].
In Sudan, malaria during pregnancy is a major health
problem where pregnant women are more susceptible to
malaria regardless to their age or parity [3-5]. Malaria
has serious adverse effects on pregnancy and it is a lead-
ing cause of maternal and perinatal mortality in Sudan
[6-8].
During pregnancy, adhesion of P. falciparum-infected
erythrocytes to syncytiotrophoblast leads to parasite
sequestration in the intervillous space. The parasite
adheres specifically to chondroitin sulfate-A expressed
on syncytiotrophoblast [9]. Therefore placental malaria
infection may be detected in the absence of peripheral
blood parasitemia [5,10]. Placental malaria infection is
widely recognized as indicator for malaria infection in
epidemiologic surveys for both operational and research
purpose [11]. Malaria during pregnancy poses a greater
diagnostic challenge especially in area of unstable
malaria transmission where, the rates of placental
malaria blood film microscopy have higher than that of
the peripheral blood film microscopy [12,13]. The pla-
cental histology is the ‘gold standard’ of malaria diagno-
sis during pregnancy for epidemiological or study
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purposes, it can show different grade of infections e.g.
active infection, past or chronic infection [13,14]. It is,
however, frequently not available in most settings such
as sub-Saharan Africa, relatively costly and labour inten-
sive [12]. Polymerase chain reaction (PCR) is the other
alternative and is widely used for malaria infection dur-
ing pregnancy [15,16]. There are few published data on
placental malaria infections that comparing PCR with
placental histology [16,17]. The current study was con-
ducted at Medani Maternity Hospital which is located
in an area characterized by unstable malaria [18], to
investigate diagnostic performance of PCR in compari-
son with that of the placental histology so as to add on
the previous studies on the diagnosis of malaria during
pregnancy in the area [19].
Methods
A cross sectional study was conducted during the period
of October 2010, at the labour ward of Medani Mater-
nity Hospital, Central Sudan. The area is characterized
by unstable malaria transmission and P. falciparum is
the sole malaria species in the area [18]. Medani Mater-
nity Hospital has a tertiary care for women who receive
antenatal care at the hospital as well as for referrals
from the other clinics and hospitals, and women who
are close to the hospital facility. All women with risk
factors or obstetric complications are referred to the
hospital. The referral criteria are not strictly adhered to
and many patients without any significant complications
deliver at the hospital.
Giemsa stained light microscopy
After signing an informed consent, placental blood films
were prepared, the slides were Giemsa-stained and the
number of asexual P. falciparum parasites per 200 white
blood cells was counted and double-checked blindly by
an expert microscopist.
Placental histology
Full thickness placental blocks of around 2-3 cm were
taken from the placenta, kept in neutral buffer formalin
for histopathology examinations. Placental malaria infec-
tions were characterized based on the classification of
Bulmer et al [14]: uninfected (no parasites or pigment),
acute (parasites in intervillous spaces), chronic (parasites
in maternal erythrocytes and pigment in fibrin or cells
within fibrin and/or chorionic villous syncytiotropho-
blast or stroma), past (no parasites and pigment con-
fined to fibrin or cells within fibrin), Figure 1. Because
the samples were fixed in buffered formalin, formalin
pigment formation, which has similar optical character-
istics and polarized light activity to malaria pigment was
not detected [20].
Parasite DNA Extraction and PCR
P. falciparum DNA extraction and PCR assays were per-
formed as described in details in our previous work [15].
In summary, three drops of blood were collected on to a
piece of filter paper, from the maternal side of each pla-
centa. Blood samples were air-dried and stored at ambi-
ent temperature, in individual sterile plastic bags. The
dried specimens were later transported for processing
and analysis in Khartoum. Approximately 25 μl (corre-
sponding to approximately 1/3 of the spot) of blood was
punched out from the dried blood spots. This piece was
then washed with distilled water and directly placed in a
PCR reaction tube of 25 μl in all PCR reactions. A nega-
tive control sample with no template DNA and an inter-
nal positive control were used for quality control.
Genomic DNA was checked, in an assay based on a
nested PCR, for DNA from P. falciparum [21]. These
PCR were performed by two of our team (HMI and MIE)
and who were blinded about the histological results.
Ethics
The study received ethical clearance from the Research
Board at the Faculty of Medicine, University of
Khartoum.
Statistics
Data were entered in computer using SPSS (statistical
package for social sciences) for soft ware version 19.0
for analysis. Proportions were compared using X2 test.
Sensitivity, specificity, positive predictive value and
negative predictive value were calculated. Sensitivity of
the PCR was calculated as true positives/(true positive +
false negatives), specificity as true negatives/(true nega-
tives + false positives), positive predictive value as true
positives/(true positives + false positives), negative pre-
dictive value as true negatives/(true negatives + false
negatives) [22].
Results
One hundred and seven placentae were investigated by
histology and PCR. The mean (SD) age of the parturient
women was 26.4(6.9) years. Thirty (28.0%) of these
women were primigravidae. None of the women used
intermittent preventive treatment (IPT). The microscopy
showed that only one (0.9%) placental blood film was
positive for P. falciparum malaria.
The histology and PCR showed that 33 (30.8%) and 34
(31.8%) of these 107 placentae were positive for malaria.
There was no significant difference in the results of the
histology [11/30 (33.3%) vs. 22/77 (28.6%), p = 0.4] and
PCR [12/30 (40.0%) vs. 22/77(28.6%), p = 01] when pri-
migravidae were compared to multigravidae women.
Two (2%) were acute infection, while 31(29.0%) were
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past infection by histology. Out of 33 positive tested by
histopathology, 15 have been found to be positive by the
PCR while 18 were negative, Table 1. Both the two
chronic placental infections were positive by PCR. Thus,
the sensitivity of the PCR was 45.5% (95% CI: 29.2%-
62.5%). Out of 74 which were negative by histology, 19
were positive by the PCR. This is translated in specificity
of 74.3% (95% CI: 63.5%- 83.3%), Table 2. Of those
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Figure 1 Placental histology and malaria infections.
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tested positive by the PCR, 15 were positive by the his-
tology, while 19 were negative. This is translated into a
positive predictive value of 44.1% (95% CI: 28.3%-
61.0%). Of those 73 tested negative by the PCR, 55 were
negative according to histology while 23 were positive.
This is translated into a negative predictive value of
75.3% (95% CI: 64.5%-84.2%), Table 2.
Discussion
The main findings of the current study were; the preva-
lence of placental malaria infections was 0.9%, 30.8% and
31.8% by microscopy, histology and PCR, respectively,
the sensitivity and specificity of the PCR was 45.5% and
74.3%, respectively compared with placental histology.
Recently, two studies in the Eastern Sudan have shown
that, the prevalence of placental P. falciparum was 1.7%
(5/293) and 3% (7/237) by microscopy examinations and
the prevalence was 32.0% and 19.5% by the histology
[5,23]. Interestingly, 40 (32%) of the 125 smear-negative
pregnant women in the Eastern Sudan had submicro-
scopic P. falciparum (PCR) infections [15]. The low sen-
sitivity and specificity of PCR in this study goes with the
recent previous observation from Colombia where the
sensitivity and specificity of PCR (histology was the gold
standard) was 47% and 77%, respectively [17]. However,
our findings should be compared with the results of later
study cautiously, because the vast majority of the infec-
tions in our study were past infection while one third
(33%) of the infections in the later one were acute and
the rest were chronic (7%) and past (60%) infections.
Histological examination of the placenta biopsy is con-
sidered the gold standard for diagnosis of placental
malaria. Furthermore, the placental histology indicates the
presence of malaria parasites and pigment in the placental
tissue. Therefore malaria infection can be classified in
active (parasites in the placenta), chronic (parasites and
pigment in placenta), past (only pigment in placenta) and
no infection (no parasites or pigment in placenta). How-
ever, due to limited resources, technical expertise, such
placental histology is rarely available in endemic areas
with low recourses [12-14]. PCR is the most sensitive tool
for detection parasites (for both peripheral and placental
malaria), however, requires a trained staff and specialized
equipment, which might not available in the field in set-
tings with low resources [13,16]. Furthermore PCR-based
methods have no standard in method for DNA extraction,
choice of primer sets, and amplification protocol [24]. On
the other hand PCR is very sensitive in detecting Plasmo-
dium nucleic acids, yet it is not obvious if this is derived
from a non-viable sequestered parasite, or a viable one or
even gametocyte. In the current study the different rates
of PCR-positivity reported between women with past
infections and normal placentae is a significant finding.
PCR in the women with past infections may detect non-
viable parasites in treated women, viable sub microscopic
persisting infections or re-infections in women at
increased risk for infection. It is worth to be mentioned
that, although placental histology can provide a quantita-
tive result based on the number of parasites, conventional
PCR (not the real time PCR) gives a qualitative result but
allow species discrimination [25].
Conclusion
PCR had low sensitivity and specificity in comparison to
placental histology, perhaps because the vast majority of
the placental infections were past infections. Further
research is needed.
Acknowledgements
Authors would like to thank all the women for participation in the study.
This work has been funded by The University of Khartoum, Khartoum,
Sudan.
Author details
1Faculty of Medicine, University of Khartoum, P.O. Box 102, Khartoum, Sudan.
2Faculty of Medical Laboratory Sciences, University of Khartoum, P.O. Box
302, Khartoum, Sudan. 3Faculty of Medicine, University of Gezira, P.O. Box
816, Medani, Sudan. 4Faculty of Medicine, The National Ribat University, P.O.
Box 1157, Khartoum, Sudan.
Authors’ contributions
HME and IA designed the study, EMH conducted the clinical work. MMS,
AHM, HME and MIE conducted the lab work. IA and EME participated in the
statistical analyses. All the authors approved the draft and the final paper.
Competing interests
The authors declare that they have no competing interests.
Received: 22 November 2011 Accepted: 23 December 2011
Published: 23 December 2011
References
1. Tagbor H, Bruce J, Browne E, Greenwood B, Chandramohan D: Malaria in
pregnancy in an area of stable and intense transmission: is it
asymptomatic? Trop Med Int Health 2008, 10:18-1021.




Placental histology Neg 55 19 74
Post 18 15 33
Total 73 34 107
Table 2 Diagnostic performance of PCR using placental
histology as gold standard
Performance % (95% Confidence Interval)
Sensitivity 45.5% (29.2%- 62.5%)
Specificity 74.3% (63.5%- 83.3%)
Positive predictive value 44.1% (28.3%- 61.0%)
Negative predictive value 75.3% (64.5%-84.2%)
Elbashir et al. Diagnostic Pathology 2011, 6:128
http://www.diagnosticpathology.org/content/6/1/128
Page 4 of 5
2. Dellicour S, Tatem AJ, Guerra CA, Snow RW, ter Kuile FO: Quantifying the
number of pregnancies at risk of malaria in 2007: a demographic study.
PLoS Med 2010, 26;7(1):e1000221.
3. Adam I, Khamis AH, Elbashir MI: Prevalence and risk factors for malaria in
pregnant women of eastern Sudan. Malar J 2005, 4:8.
4. Adam I, Elhassan EM, Haggaz AE, Ali AA, Adam GK: A perspective of the
epidemiology of malaria and anaemia and their impact on maternal and
perinatal outcomes in Sudan. J Infect Dev Ctries 2011, 8:3-7.
5. Adam I, Adam GK, Mohmmed AA, Salih MM, Ibrahuim SA, Ryan CA:
Placental malaria and lack of prenatal care in an area of unstable
malaria transmission in eastern Sudan. J Parasitol 2009, 5:751-2.
6. Elhassan EM, Mirghani OA, Adam I: High maternal mortality and stillbirth
in the Wad Medani Hospital, Central Sudan, 2003-2007. Trop Doct 2009,
39:238-9.
7. Adam I, Elbashir MI: Maternal death due to severe pulmonary oedema
caused by falciparum malaria: a case report. East Mediterr Health J 2004,
10:685-687.
8. Bader E, Alhaj AM, Hussan AA, Adam I: Malaria and stillbirth in Omdurman
Maternity Hospital, Sudan. Int J Gynaecol Obstet 2010, 109:144-6.
9. Reeder JC, Hodder AN, Beeson JG, Brown GV: Identification of
glycosaminoglycan binding domains in Plasmodium falciparum
erythrocyte membrane protein 1 of a chondroitin sulfate A-adherent
parasite. Infect Immun 2000, 68:3923-3926.
10. Sartelet H, Milko-Sartelet I, Garraud O, Picot S: Plasmodium falciparum
persists in the placenta after three days’ treatment with quinine. Trans R
Soc Trop Med Hyg 1997, 91:431.
11. Cottrell G, Mary JY, Barro D, Cot M: Is malarial placental infection related
to peripheral infection at any time of pregnancy? Am J Trop Med Hyg
2005, 73:1112-1118.
12. Rogerson SJ, Mkundika P, Kanjala MK: Diagnosis of Plasmodium falciparum
malaria at delivery: comparison of blood film preparation methods and
of blood films with histology. J Clin Microbiol 2003, 41:1370-1374.
13. Uneke CJ: Diagnosis of Plasmodium falciparum malaria in pregnancy in
sub-Saharan Africa: the challenges and public health implications.
Parasitol Res 2008, 102:333-42.
14. Bulmer JN, Rasheed FN, Morrison L, Francis N, Greenwood BM: Placental
malaria. II. A semi-quantitative investigation of the pathological features.
Histopathology 1993, 22(3):219-25.
15. Adam I, A-Elbasit IE, Salih I, Elbashir MI: Submicroscopic Plasmodium
falciparum infections during pregnancy, in an area of Sudan with a low
intensity of malaria transmission. Ann Trop Med Parasito 2005, 99:339-44.
16. Kattenberg JH, Ochodo EA, Boer KR, Schallig HD, Mens PF, Leeflang MM:
Systematic review and meta-analysis: rapid diagnostic tests versus
placental histology, microscopy and PCR for malaria in pregnant
women. Malar J 2011, 10:321.
17. Campos IM, Uribe ML, Cuesta C, Franco-Gallego A, Carmona-Fonseca J,
Maestre A: Diagnosis of gestational, congenital, and placental malaria in
Colombia: comparison of the efficacy of microscopy, nested polymerase
chain reaction, and histopathology. Am J Trop Med Hyg 2011, 84:929-35.
18. Malik EM, Atta HY, Weis M, Lang A, Puta C, Lettenmaier C: Sudan Roll Back
Malaria Consultative Mission: Essential Actions to Support the
Attainment of the Abuja Targets. Sudan RBM Country Consultative Mission
Final Report Geneva: Roll Back Malaria Partnership; 2004.
19. Hassan Sel-D, Haggaz AE, Mohammed-Elhassan EB, Malik EM, Adam I:
Fluorescence microscope (Cyscope) for malaria diagnosis in pregnant
women in Medani Hospital, Sudan. Diagn Pathol 2011, 6:88.
20. Bulmer JN, Rasheed FN, Francis N, Morrison L, Greenwood BM: Placental
malaria. I. Pathological classification. Histopathology 1993, 22:211-218.
21. Snounou G, Viriyakosol S, Xhu XP, Jarra W, Pinhero L, do Rosario VE,
Thaithong S, Brown KN: High sensitivity of detection of human malaria
parasites by use of nested polymerase chain reaction. Mol Biochem
Parasitol 1993, 61:315-320.
22. Harper R, Reeves B: Reporting of precision of estimates for diagnostic
accuracy: a review. BMJ 1999, 318:1322-1323.
23. Adam I, Babiker S, Mohmmed AA, Salih MM, Prins MH, Zaki ZM: ABO blood
group system and placental malaria in an area of unstable malaria
transmission in eastern Sudan. Malar J 2007, 6:110.
24. Ndao M: Diagnosis of parasitic diseases: old and new approaches.
Interdiscip Perspect Infect Dis 2009, 2009:278246.
25. Hanscheid T: Diagnosis of malaria: a review of alternatives to
conventional microscopy. Clin Lab Haematol 1999, 21:235-245.
doi:10.1186/1746-1596-6-128
Cite this article as: Elbashir et al.: Polymerase chain reaction and
histology in diagnosis of placental malaria in an area of unstable
malaria transmission in Central Sudan. Diagnostic Pathology 2011 6:128.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Elbashir et al. Diagnostic Pathology 2011, 6:128
http://www.diagnosticpathology.org/content/6/1/128
Page 5 of 5
